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Abstract — Recent clinical and experimental data showed thelwewnent of reactive oxygen species/nitrogen sgecie
(ROS/RNS) in many human pathophysiolgocial conditionBntioxidant activity of the aqueous (ARA) anchamolic
extracts (ARE) ofAsparagus racemosyAR) root were evaluated in a seriesrofitro assays including ROS generation in
chemicals and biological model systems. The doper#ant ARA and ARE extracts showed the scavengitigtg@gainst
DPPH (IGy = 60.7 and 52.5 pg/ml), nitric oxide @& 141.9 and 63.4 pg/ml), superoxide {J€ 221 and 89.4 pg/ml),
hydroxyl (ICso = 318.7 and 208.8 pg/ml) and ABTSICso= 134.5 and 71.9 pg/ml) radicals. The antioxidaapacity of
ARA and ARE were assessed for their reducing poveatguFRAP (Ferric Reducing antioxidant power) andapsium
ferricyanide reducing methods as well as free adsczavenging capacity by TEAC (Trolox Equivalenttidrdaint
Capacity) method. ARA and ARE extracts were also dotmbe effective at suppressing lipid peroxidatioduced by
Fe*/ascorbate system in rat liver mitochondrial prafian (IG = 511.7 and 309.2 pg/ml, respectively). FurtheéRAtand
ARE root extracts significantly decreaséti{ 0.05) copper-mediated human LDL oxidation by pngjation of lag phase
time with decline in oxidation rate, maximal yielsf conjugated dienes, lipid hydroperoxides and mdialdehyde
concentrations. The addition of ARA and ARE rootrasts to human serum significantly reducBd<(0.05) the formation
of lipid peroxidation in medium. Troloxg-tocopherol and mannitol were tested similarly tompare their antioxidant
activities. In conclusion, antioxidant activity BRE as compared to ARA extract is more effectivechhact as hydrogen
donors, metal ion chelators, reducing agents, ahditavengers and anti-lipid peroxidative. Thegeces are attributed to the
high amount of lipophilic phenolics content of AR&bt extract.
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and inflammatory conditions (29,14). Oxidative
INTRODUCTION stress is initiated by reactive oxygen
species/nitrogen species (ROS/RNS) such as

Free radicals are fundamental to angupPeroxide ion radical (§), hydroxyl radical
biochemical process and represent an esseni@), peroxyl (ROQ and alkoxyl radicals
part of cellular metabolism. Naturally, there is 4RO), nitric oxide radical (NQ and peroxynitrite
dynamic balance between the amount of frd@NOOH) which can cause damage to biological
radicals generated and antioxidants in the bodi{@rgets such as lipids, DNA, and proteins by
protecting body against the deleterious effects 8foPagating chain reaction cycle. Antioxidants

free radicals. However, the imbalance betwediffense systems have coevolved with aerobic
prooxidant and  antioxidant homeostasigetabolism to counteract oxidative damage from

potentially leads to oxidative stress causinfOS and RNS (29,18). The inhibition of such
majority of abnormalities such as atherosclerosif€e radical-mediated pathophysiology has
hypertension, ischaemic diseases, alzhemief§COme a central focus for research efforts
disease, parkinsonism, cancer, diabetes mellituglesigned to prevent or ameliorate tissue injury.
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Numbers of studies have been performed toannitol, phenazine methosulfate (PMS), nitroblue
discover antioxidants from natural products O&trazolium (NBT), nicotinamide adenine dinucleetid

dicinal plants. In thi tf id ADH), ethylene diamine tetra acetic acid (EDTAR-
medicinal plants. In this respect Tlavonolds ang;qpariwric  acid (TBA), Xylenol Orange of

other polyphenolic compounds have received theesolsulphonphthalein-3,3-bis  (methyliminodiaceticid

greatest attention (26). sodium salt)], butylated hydroxytoluene (BHT), napfht
Asparagus racemosuswilld. (Family: ethelene diamine dihydrochloride, heparin, gallicida

o -quercetine were purchased from SRL Chemical Co.

Liliaceae), Commo.nly known  as Shat,ava“ Mumbai, India). All other chemicals used were of

satawar or satmuli, is found at low altitude nalytical grade.

throughout India. The main  medicinal

/pharmacological value oA. racemosusoot is Plant Material and Extraction

attributed by the presence of steroids viz. Roots of A. racemosu§AR) were collected from

. . . university botanical garden, Sardar Patel Universit
saponins and sapogenins. The dried root of t llabh Vidyanagar, India. The roots were washed

plant is used as _a)_’urVedin drug, tonithhoroughly with tap water and dried at 37 °C in an
galactogogue, aphrodisiac, rejuvenator, anticubator, sliced into small pieces, powdered imiaer
spasmodic, anti-ulcerous and anti-inflammatorgf””def and used for the extraction. The powdergpR%as

(28). In Ayurveda, A. racemosushas been Successively extracted with 250 ml of distilled erafat 80

. °C &zimd ethanol (at 4%C) using soxhlet extractor for 8 h to
described as a rasayana herb and has been L&é n water and lipid-soluble components. The agsend

extensively as an adaptogen to increase the n@fhanol extracts were filtered through Whatmarerfippaper
specific resistance of organisms against a variejyo. 1). Aqueous and ethanol filtrates were evajeoran
of stresses (5). The root 6f racemosuss also vacuum oven at 100 mm of hg at 60 and®@Gespectively.

. . The percentage yield was 5.7 % (w/w) for aqueougaex
used in the treatment of nervous dlsorder%d\RA) and 7.5 % (w/w) for ethanol extract (ARE). The

dyspepsia, diarrhea, dysentery,  tumOrSied powder was stored at -2C in a desiccant until
hyperdipsia, neuropathy and hepatopathy (16kquired.
This plant is reported to have immunostimulant _ _
antihepatotoxic, antioxytocic and antioxidant repar‘i‘/t.'on of standard, ARA and ARE solutions
L . itamin E (-tocopherol) was used as a positive
activities (3,16,37). Our previous work OR.  giandard, unless specifically stated in the testarsin E
racemosushowed dose-dependent (5 and 10 g%nd ARE stock solution were prepared at the conatoir
of dried roots powder) favorable effects oref 1000 ug/mlin ethanol and subsequently dilutétth ii0
hypercholesteremic rats by modulatind™ phosphate buffer (PB, pH 7.4) to obtain working

holesterol taboli d fioxidant olution of 25, 50, 100, 250, 500 and 1000 pg/rma(f
cholesterol metabolism and antioxidant enzymgy, oo concentration, 10%). Aqueous extract of AlRét

activities (46). However, no studies havyas prepared in PB with concentration of 1000 pgisil
explored the complete report of antioxidanstock solution. From the stock solution different
activity exerted byA.racemosusroot extracts concentrationsiz. 25, 50, 100, 250, 500 and 1000 pg/m
using wide-range of in vitro assays. The preselfs used for antioxidant studies.

study, _therefpre_: has been designed to investigaigermination of Total Polyphenolic Compounds
potential antioxidant effects of twl. racemosus The concentration of phenolic compounds was
root extracts (i.e., aqueous and ethanol) on neeasured according to the method of Tegal. (43). Both
series ofin vitro assays including ROS/RNSARA and ARE dried power (0.1 g) was dissolved in b m

fi . hemical d bioloaical q olution of 0.3% HCI in methanol/water (60:40, v/The
generation In chemicals an lological mo sulting solution (100 ul) was added to 2 ml of 2%

S_VStemS-_ FUl’thermO_l’e, human |0W'(_jen5itMa2C03. After 2 min incubation at room temperature, 50%
lipoprotein (LDL) was isolated and the resistance/v) Folin-Ciocalteu reagent (100 ul) was addedthe

of LDL oxidation was evaluated by monitoringmixwrev which was then left for 30 min. Absorbaneas

copper-induced lipid peroxidation, which ismeasured at 750 nm. R_esults were expressed as mg per
gram of gallic acid equivalents. All measurementsrev

usually driven by catalytic transition metals carried out in triplicate.
especially copper, and represents a focal aspect

of atherogenesis (12). Determination of Total Flavonoids
Flavones and flavonols in the water and ethanol

extracts of AR were estimated according to the nuktbio

MATERIALS AND METHODS Kosalecet al. (30). One gram of dried powder was mixed
with 1.5 ml ethanol (95% v/v) and added to 100 ul
Chemicals aluminum chloride (10% wi/v), 100 pl sodium acetdtéV)

The vitamin-E ¢-tocopherol), 2,2-azinobis-(3- and 2.8 ml water. The volume of 10% aluminum clderi
ethylbenzothiazoline-6-sulfonic ~ acid)  (ABTS), 1,1-was substituted by the same volume of distilledewai
diphenyl-2-picrylhydrazyl (DPPH), 6-Hydroxy-2,5,7,8 blank. After incubation at room temperature for 3,
tetramethylchroman-2-carboxylic acidR-Trolox), 2,4,6- absorbance of the reaction mixture was measurétisabm.
tripyridyl-striazine (TPTZ) were from Sigma-Aldrich The mean of three readings was used and the kavalnioid

Chemical Co. (St. Louis, MO, USA); 2-deoxyribose,content was expressed in mg of quercetin equivalignt
extract.
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DPPH Radical Scavenging Activity examined in the absence of EDTA. The extent oftitioin

This was carried out according to the Blois methodvas compared with mannitol, the well-known Oiddical
with a stable radical DPPH (4). For experiment, BFR  scavenger.
ethanol (0.5 mM, 1 ml) was added to 1 ml of various
concentrations of test compounds as ARA and ARReducing Power
extracts. Alpha-tocopherol was used as standarctukéi The reducing power of standard and test compounds
was then shaken vigorously and held for 30 minoatr was evaluated by the method of Oyaizu (35). Briaftye ml
temperature in dark. The decrease in absorban@P&H of various concentrations of standard or test camgdowvas
was measured at 517 nm. Phosphate buffer was usednaixed with 2.5 ml of phosphate buffer (0.2 M, pH)6and
blank while DPPH in PB served as control. Inhibitoh 2.5 ml potassium ferricyanide (1%), the mixture was
DPPH radical was calculated using the equatio®)|£100 incubated at 50 °C for 20 min. A portion (2.5 ml) of
x (Ag—A1)/A0, whereAyis the absorbance of the control, andrichloroacetic acid (10%) was added to the mixtuvkich
A, is the absorbance of the standard or test compodree  was then centrifuged at 3000 rpm for 10 min. Fin&l5 ml
inhibition curve was plotted and 4g¢values obtained. The of the supernatant solution was mixed with 2.5 retilted
ICso value represented the concentration of the exwact water and 0.5 ml Fegl(0.1%). The absorbance was
standard that caused 50% inhibition of DPPH radicehe measured at 700 nm. Increase in absorbance o&#ution
value was used in all other in vitro assays, untéberwise mixture indicated stronger reducing power.
mentioned.

TEAC (Trolox Equivalent Antioxidant Capacity) with
Nitric Oxide Radical Scavenging activity ABTS'

Nitric oxide radical inhibition can be estimated by The TEAC was determined according to the method
the use of Griess lllosvoy reaction (32). The react of Reet al (39). The method is based on the ability of
mixture containing sodium nitroprusside (10 mM, 2,m antioxidant molecules to quench the long-lived ABT@
phosphate buffer saline (0.5 ml) and standard @t teblue-green chromophore with characteristic absomptt
compounds (0.5 ml) was incubated at 25 °C for 15. mir¥34 nm, compared with that of Trolox (1 mg/ml) water-
After incubation, 0.5 ml of the reaction mixture svaixed soluble vitamin-E analog. Five ml of solution of AB (7
with 1.5 ml of Griess reagent (1% (w/v) sulphanilden 2% mM) was added along with 88 of potassium persulfate
(v/v) phosphoric acid and 0.1% (w/v) naphthyl e¢im&l (2.45 mM) solution and left at room temperaturelamk for
diamine dihydrochloride). The absorbance of théd2-16 h. Before use, the solution was diluted (1W88) 10
chromophore formed during diazotization of theitd@twith mM sodium phosphate buffer (pH 7.4) to an absorbaric
sulphanilamide  and subsequent  coupling  wittD.700 + 0.05 at 734 nm. The final reaction mixture
naphthylethelene diamine was measured at 546 nmgalocontained 0.9 ml of ABTS solution added to 0.1 rfil o

with a control. standard/test compounds/control, mixed for 45 sec.
Absorbance was recorded after 15 sec at 734 nm.CTEA
Superoxide Anion Scavenging Activity values express thag of Trolox having the antioxidant

Superoxide radicals were generated by theapacity equivalent to a 1 mg of the test samphe TEAC
PMS/NADH system according to the method of Kak&er values of test compounds were calculated by digidime
al. (25). The reaction mixture was composed of 1 ml o$lope of its concentration-response curve by tbpesifor
NBT (156 uM), 1 ml NADH (468uM) and 100ul either of  the concentration-response curve correspondingdioX.
test or standard compounds. The reaction was dtéuye
addition of 100ul of PMS (60 uM) to the mixture. All Ferric-Reducing Antioxidant Power (FRAP)
components were dissolved in 100 mM phosphate buffe FRAP assay measures the antioxidant potentials of
(pH 7.4). The reaction mixture was incubated af@%or 5 compounds to reduce the*#@PTZ complex present in a
min, and the absorbance was measured at 560 nmsagastoichiometric excess to the blue colored?*Fiarm and

sample blank. method is according to the procedure described bwiBe
and Strain (2). The FRAP reagent contained 2.5 na &0
Hydroxyl Radical Scavenging Activity mM TPTZ solution in 40 mM HCI plus 2.5 ml of 20 mM

The ability of AR root to scavenge Okhdical was FeCk-6H,0, plus 25 ml of 0.3 mM acetate buffer (pH 3.6).
assessed using the classic deoxyribose degradatismy Briefly, 900 ul of FRAP reagent, freshly prepared and
described by Halliwellet al. (19). One ml of the reaction warmed at 37 °C, was mixed with @0 of distilled water
mixture contained 10Qul of 2.8 mM 2-deoxy-2-ribose and 30l either of test sample, standard or appropriate
(dissolved in phosphate buffer, pH 7.4), 2d0of 20 uM  reagent blank. The absorbance was read at 595 tem f
FeCk and 100uM EDTA (1:1 v/v — freshly prepared) and min. Calibration curve of ferrous sulfate (100-10081)
100 ul H,0, (1 mM), with absence (control) or presence ofvas used, and results were expressedMhFe?/mg dry
standard/test compounds. The reaction was commenced weight extract. The relative activity of the sangpleas
addition of 100ul ascorbic acid (10@M). All components compared with that af-tocopherol.
were dissolved in KHPO,—~KOH buffer (10mM, pH 7.4).

The samples were incubated for 60 min at 37 °C akisly  Assay of F&/ascorbate induced lipid peroxidation (LPO)
water bath followed by the TBARS (thiobarbituric acid The antioxidant activity of the extract was evahaat
reactive substances) assay as malondialdehyde (MDAY quantifying the ability of different concentiatis of plant
content was measured by modified method of Buege amdtract to suppress iron (Beinduced LPO in rat liver
Aust (7). One ml each of TBA (0.7% in 0.05 mM NaOH)mitochondrial fractions. Liver homogenate was prega
and TCA (2.5%) were added to above 1 ml reactiofrom male albino rats weighing between 250 and 800
mixture; test tubes were heated at 95 °C for 15 tonin scheduled to be killed by light (diethyl ether) sthesia as
develop the color. After a cooling period, TBARS fation  healthy untreated controls. The Institutional Anlirighics
was measured spectrophotometrically at 532 nm agaim Committee approved the present investigation. Bridifher
appropriate blank. The effect of the test compounds was quickly removed and washed with ice-cold normal
hydroxyl radical-induced deoxyribose degradatiors wkso  saline and homogenized in homogenization buffe25M
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sucrose in 5 mM Tris-HCI buffer pH 7.4) at°€. The readings made every 10 min at%®7for 3 h. Lag time (min)
homogenate was centrifuged at 8fbr 5 minutes at 4 °C was determined from the intercept of lines drawmough
to separate the nuclear debris and the supernatast the linear portions of the lag phase and propagatitase.
recentrifuged at 10,50@ for 20 minutes at 4 °C. The The rate of oxidation (expressed as nmol/min.) was
resulting pellet was washed three times wittdetermined from the slope of the propagation phase.
homogenization buffer, and the final pellet wasusgended Maximum concentration of dienes formed (CD max. =
in 0.15 M KCI in 20 mM Tris-HCI buffer (pH 7.4) to gthe expressed as nmol/mg protein) was calculated frbe t
mitochondrial fractions (MF). The protein contation in difference in absorbance at zero time and at diead. The
MF was determined according to the method of Logtrgl. concentrations of conjugated dienes in the sampiee
(31) using the bovine serum albumin as a standardalculated by using a molar extinction coefficient2.95 x
Oxidation of rat liver MF was carried out as desed by 10 M cmi® (13). The more indices of oxidized-LDL were
Demopoulos and Rekka (9). A reaction mixture cormgin measured including MDA and lipid hydroperoxides @M
200 ul of MF (equivalent to 0.5 mg of protein), 2@Dof Two set of 100 pl aliquot was prepared accordingliove
vehicle (control) or standard/test compounds ar@l|20f mentioned reaction mixture and was added to 10fl0o
FeSQ (10 uM), followed by induction of lipid peroxidation mM EDTA to stop oxidation after 3 h. of incubatiamd
using 200 pl ascorbate (0.2 mM). The samples wereeach one was used for measurement of MDA and LidP. F
incubated at 37 °C for 40 min. At the end of thisuibation MDA estimation, 100 ul aliquot was treated with eux
period, 10l of 5% (w/v) butylated hydroxytoluene in with 2 ml TBA-TCA-HCI (1:1:1) reagent (0.37%
ethanol was added to each mixture followed by thditeon  thiobarbituric acid, 15% TCA, 0.25 N HCI) and pladed
of 0.8 ml each of 20% (w/v) trichloroacetic aciddA&) and water bath for 20 min. The absorbance of clear migtent
0.4% (w/v) TBA. The solutions were heated in a wateh was measured at 532 nm with using a molar absarptio
at 80 °C for 20 min. The chromogen was extracted inoefficient of 1.56 x 10M™ cmi? (7). For LHP estimation,
butanol (2 ml) and the extent of lipid peroxidatid@BARS) 100 pul aliquot was mixed with 0.9 ml of Fox reagé& mg
measured in the organic layer as absorbance airfi32 butylated hydroxytoluene (BHT), 7.6 mg xylenol orang
and 9.8 mg ammonium ion sulphate dissolved in 90 ml
Copper-induced Human Low-Density Lipoprotein (LDL)methanol and 10 ml 250 mM sulphuric acid) and imtat
Oxidation at 37 °C for 30 min. The color developed was reaf6sx
Isolation of LDL nm and LHP content was determined using the molar
Venous blood was obtained from fasting, fiveabsorption coefficient of 4.3 x 4612 cntt (23).
healthy adult human volunteers. The informed cons&s
obtained from all participants according to ethigaidelines Copper-induced serum oxidation in vitro
and work was carried out by approval of local ethic One ml of diluted human serum sample (a
committee of the university. Blood samples were kafpt concentration of 0.67% in PBS) (40) was added to the
room temperature for 1 h, and centrifuged at 1006r 10 presence and absence of standard/test compounds and
min to obtain serum. The serum was pooled anddtare incubated at 37 °C for 30 min. Oxidation reactionswa
20 °C and used for all subsequent experiments. LIk w initiated by adding CuSfas previously done and CD max.,
isolated by heparin-citrate buffer precipitationthwel (43) LHP and MDA were estimated with similar incubation
from the serum sample. The precipitation buffersisted of period as mentioned above.
0.064 M trisodium citrate adjusted to pH 5.05 w&hM
HCI, and contained 50,000 U/l heparin. One hundredf  Statistical analysis
the serum sample was added to 1 ml of the hepératec Data were calculated as means + S.D. of three
buffer. After mixing with a Vortex mixer, the suspgon different experiments. Specific AR extracts effecasw
was allowed to stand for 10 min at room temperatlilee  evaluated by the one-way analysis of variance (ANDV
insoluble lipoproteins were sedimented by centafian at  using 18" version of SPSS plus Duncan’s test as post hoc
10009 for 10 min. The pellet was resuspended in 1 ml o&nalysisP < 0.05 was regarded as statistically significant.
0.1 M phosphate buffer saline (PBS), pH 7.4, comai
0.9% NaCl and used as a source of LDL-fraction. The

protein concentration of the LDL was measured wath RESULTS
Lowry method (31) using bovine serum albumin as
standard. ) )
Concentrations of total polyphenol, flavonoid
Copper-induced LDL oxidation in vitro and FRAP value
For the oxidation experiments, LDL protein (100 Table_l |nd|Cates h|gher Concentra“ons of

pg) was diluted to 900 pl with PBS and incubatedh {00 : :
ul) or without standard/test compounds a@7or 30 min. total polyphenol and flavonoid compounds in the

After incubation period, oxidation was initiated hgding €thanolic extract than aqueous extract of AR
10 ul of freshly prepared 0.167 mM CuSGfinal root. The extracts of ARA and ARE were
concentration of CuSpwas 1.67 um) in 1-cm quartz showed the concentration of polyphenols as
cuvette. Alpha-tocopherol and ARE extracts was dissb 371 % and 3515 %, respectively and

in ethanol sample and, ethanol was evaporated vegrlo . o o .
temperature under reduced pressure prior to thigi@uaf flavonoids as 0.85 % and 1.281 %, respectively.

LDL. Oxidation method was essentially the same al IS evident from the table that the highest FRAP
described by Palomakit al. (36). Oxidation kinetics were value of ARE extract (0.025 umol #ng),
determined as the production of conjugated diengs Hgllowed by standardg-tocopherol (0.023 pmol

continuously monitoring the change in absorbanc@3a +
nm as described by Esterbauwatral. (13), using a diode F& /mg) and ARA extract (0.018 pmol 3:bng)

array UV-visible spectrophotometer  (model 8452-af€eflecting the total antioxidative capacity of plan
Hewlett Packard Instruments Inc, USA) with absodsan root.
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Table 1. Concentrations of total polyphenol, flavoaid, FRAP and TEAC value inA. racemosus root

extracts.

Parameters ARA ARE Standard
Polyphenol’ 23.71+1.78 35.15+2.85

(2.371%)  (3.515 %)
Flavonoid$ 8.50+0.56  12.81+0.85

(0.85 %) (1.281 %)
FRAP 0.018+0.001 0.025+0.002 0.023+0.002
TEACH 1270 1105 1000

Values = mean = SD

a) Expressed as mg gallic acid equivalent/g dry weighact.

b) Expressed a®g of quercetin equivalentséyy weigh extract.

c) Expressed agmol Fé'/mg of dryweigh extract, a-tocopherol1000 pg/ml)

d) Expressed agg of Trolox having the antioxidant capacity equérdlto a 1 mg of the test sampldrolox.

DPPH radical scavenging activity

The extracts of ARA and ARE exhibited a
DPPH radical-scavenging effect (Fig. 1). In thit
test, ARE (G, 52.5 pg/ml) was more efficient
than ARA (IG,60.7 pg/ml). The Ig values of
the both extracts were found to be lesser than t

standardg-tocopherol (1G,29.8 pug/ml).

Nitric oxide radical scavenging activity
100 1

80 1
60

40 4

DPPH radical scavenging activity
100 -

80
60
40 4

20

0 T T T T T

20 4

% inhibition of nitric oxide radical

0 T T T T T )
25 50 100 250 500 1000
sample (pg/ml)
—#—ARE ——0-TOC

——ARA

Figure.2. Effect of A. racemosusroot extracts andu-
tocopherol on nitric oxide radical scavenging assay

% inhibition of DFPH radical

25 50 100 250 500
sample (pgiml)

——ARA —¥—ARE —&—o-TQC

1000

Superoxide anion scavenging activity
Figure-3 shows the result obtained in the

Figure 1. Effect of A. racemosusroot extracts and-

tocopherol on DPPH radical scavenging assay.

Nitric Oxide Radical Scavenging activity
The scavenging of Ny plant extracts pg/ml, respectively.

were increased in a dose-dependent manner as

illustrated in figure 2. The I value of ARE

(63.4 pg/ml) was closer to the standard (57

png/ml) as compared to ARA (141.9 pg/ml) in

nitric oxide assay.

O, scavenging assay. It was observed that ARA,
ARE anda-tocopherol prevented the,Gnduced
reduction of NBT in a concentration dependent
manner. The Igvalues of the ARA, ARE and-
tocopherol were 221 pg/ml, 89.4 pg/ml and 43.2
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Superoxide anion scavenging activity
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=
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% inhibition of superoxide radical
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Figure 3. Effect of A. racemosusroot extracts and-
tocopherol on superoxide radical scavenging assay.

Hydroxyl radical scavenging activity

This assay shows the ability of AR root

o)

Hydroxyl radical scavenging assay (- EDTA)

ol g

20055 /

5 30 100 250 500
Sample (pg/mi)

% inhibition of hydroxyl radical

1000

‘ ——ARA —¥—ARE —&— Mannitol

Figure 4. Effect of A. racemosusroot extracts and-
tocopherol on hydroxyl radical scavenging assay wit+)
EDTA (A) and without (-) EDTA (B).

Reducing power
Figure 5 shows the reductive capabilities

extracts and mannitol compound to inhibit OHof the plant extracts comparedddocopherol at
radical-mediated deoxyribose degradation in @n absorbance of 700 nm. The reducing power of
reaction mixture with or without EDTA. In the ARA and ARE were increased in concentration
presence of EDTA, mannitol, a classical OHlependent manner. The ARE extract could
scavenger, significantly inhibited deoxyriboseeduce the most Feions, which had a greater
degradation in a concentration-dependent mann@ductive activity than the standard af-
with an 1G, value of 56.5 pg/ml followed by tocopherol and ARA extract.

ARE (208.8 ng/ml) and ARA (318.7 ug/ml) (Fig.
4A). When we used the deoxyribose degradatic
assay in the absence of EDTA to assess t
ability of the standard/extracts to bind iron
exhibited suppressive actior
against deoxyribose degradation with anIC
value of 61.9 pg/ml, followed by ARE (230.4

mannitol still

pg/ml) and ARA (346.7 pg/ml) (Fig. 4B).

Hydroxyl radical scavenging assay (+ EDTA)

-

—
[== B
o= 8

{=3]
[

Y

T

25 50 100 250 500 1000
Sample {(pg/mi)

[
=]

% inhibition of hydroxyl radical
(+ EDTA)

=

——ARA —¥—ARE —&—Mannitol

Reducing power

[t
W
L |

M
1

Ahsarbance at 700 nm
b ;
\‘i

05 =
U T T T T T 1
25 50 100 250 200 1000
Sample (pg/mi)

———ARA —#—ARE ——0o-TOC

Figure 5. Effect of A. racemosusroot extracts and-
tocopherol on reducing power assay.

TEAC (Trolox Equivalent Antioxidant Capacity)
with ABTS

Figure 6 shows the result of the assessment
of the scavenging effects of AR root extract and
Trolox on the ABTS cation. The best
scavenging activity obtained from ABT®&ssay
was found in Trolox (I = 59 pg/ml), followed
by ARE (71.9ug/ml) and ARA (134.5 pg/ml).
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The antioxidant responses of both extracts wefgopper-induced LDL and serum oxidation in
compared with the antioxidant action exerted byitro:
Trolox, as a TEAC value indicated significant Incubation of AR root extracts on-
differences among their scores.  Theocopherol at dose-dependent fashion (25 to 1000
concentrations of Trolox, ARA and AREpg/ml) with isolated human LDL, followed by
required to trap ABTS are observed to be 100fbpper-mediated  oxidation, resulted in
pg/ml, 1270 pg/ml and 1105 pg/ml, respectivelgignificantly (P< 0.05) prolonged lag time along
(Table-1). with  decreased in oxidation rate and
concentrations of CD max., LHP and MDA as
compared to without incubation of test
compounds (Fig. 8A to 8C and Table-2). Tohe
= tocopherol was found to be most potent with an
80 ICs0 (48.4, 88 and 72.ig/ml for CD max., LHP
and MDA, respectively), followed by ARE
(397.8, 519.8 and 2761@/ml for CD max., LHP
40 A and MDA, respectively) and ARA (426.9, 763.4
and 684.3ug/ml for CD max., LHP and MDA,
respectively) root extract. For the serum
0 . - . . - . oxidation, AR root extracts andtocopherol also
25 50 100 250 500 1000 showed antioxidant effect om vitro copper-
sample (ug/mi) induced serum oxidation by significantly
decreasedR< 0.05) concentrations of CD max.,
LHP and MDA in test/standard compounds

ABTS Radical Scavenging
100

60

20 A

% inhibition of ABTS radical

——ARA —¥—ARE —&—Trolox

Figure 6. Effect of A. racemosusroot extracts ancdh-
tocopherol orABTS™ cationassay.

Fe'?/ascorbate induced lipid peroxidation

incubated medium compared to controls, where
devoid of test/standard compounds incubation
(Table-3). The calculated ¥ value was
observed in the following ordera-tocopherol

Addition of AR root extracts (25 to 1000(102.6, 130.3 and 108;&/ml for CD max., LHP
ug/ml) to isolate rat liver mitochondrial fractiongnd MDA, respectively), followed by ARE
in the presence of Fegascorbate resulted in a(467.9, 258.3 and 27j7g/ml for CD max., LHP
concentration dependent decrease in lipighd MDA, respectively) and ARA (748.4, 560

peroxidation. The 16, as shown in figure 7, and 459.1ug/ml for CD max., LHP and MDA,
were found to be 511.7 ug/ml, 309,1@/m| and respective|y) root extract.

178.3 ug/ml for ARA, ARE anda-tocopherol,
respectively.

Fe*Yfascorbate induced lipid peroxidation assay

A Antioxidant activity of ARA extracts on human copper-
] induced LDL oxidation

—

=

L]
|

)
RO

g
o
L L

]
=
1
=
=
i

0.2

=

% Inhibition of lipid peroxidation
= o
= =
1 1
Absorbance (234 n
L]
o N

25 50 100 250 500 1000 s e i B R ; ; ;
Sample (ug/ml) 0 30 60 90 120 150 180
‘ —— ARA —%—ARE —a—g-TOC R
—— Control —|1— ARA 25 —— ARA 50 —=— ARA 100
——ARA 250 —Co— ARA 500 —#¥— ARA 1000

Figure 7. Effect of A. racemosusroot extracts and-
tocopherol on Fé&ascorbate induced mitochondrial lipid
peroxidation assay.
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B Antioxidant activity of ARE extracts on cupper-induced
human LDL oxidation

Absorbance (234 nm)

Time (min)

0 30 60 90 120 150 180

—e— Control ——ARE 25 —#—ARE 50 —— ARE 100
—ARE 250 —0—ARES00 —#—ARE 1000

C Antioxidant activities of different
concentrations of a-tocopherol on cupper-

first study which identifies the dose-responsive
antioxidant and scavenging activities of aqueous
and ethanolicA. racemosugoot extracts (i.e.,
ARA and ARE) through wide range of
establishedn vitro assays.

In this study, the ethanol-soluble
components of ARE root extract had profound
effects on various free radical generated systems
than water-soluble components of ARA root
extract. As shown in Table-1, ARE extract
contained higher level of phenolic compounds
than ARA extract, indicated that the total
phenolic content of AR root extracts were
solvent dependent. The DPPH radical-
scavenging activity of AR extracts could be
related to the nature of phenolics, thus
contributing to their electron transfer/hydrogen
donating ability. DPPH is a stable free radical

16 induced human LDL oxidation

and accepts an electron or hydrogen radical to
become a stable diamagnetic molecule (4).
Wiboonpun et al. (47) identified that the roots of
Asparagus racemosusere found to possess
vitro antioxidant property against DPPH
medium. These antioxidant compounds are
racemofuran along with two known compounds
asparagamine A and racemosol. Nitric oxide, a
short-lived free radical generated endogenously
and associated with chronic inflammation.
Overproduction of NGcan mediate toxic effects,
e.g. DNA fragmentation, cell damage and
neuronal cell death (29,38). Both AR root
extracts showed a potent scavenger of Nith
Figure 8. Antioxidant activity of different concentration§ o dose-dependant manner, although effect was less
ARA (Fig. 8A), ARE (Fig. 8B) andi-tocopherol (Fig. 8C) than standard a-tocopherol compound. The
on copper-induced LDL oxidation in vitro. Figureresents nrasence of phenolic compounds is an important
results froma LDL oxidation kinetics experiment. .
Incubation of isolated human LDL was at 7in PBS, pH part O_f AR Troot extracts_, which leads to ’_[he
7.4 with 0.167 pm CuSQin the absence (control) or formation of phenoxyl radicals from the reaction
presence of different concentrations of test/steshd of NO with a phenol moiety (21, 49). The
compounds. superoxide is precursor of many other toxic ROS.
During inflammation, the activation of mast
cells, macrophages, eosinophils, and neutrophils
generate @, with NADPH oxidase playing an
important role (1, 10). In the PMS/NADH -NBT
Herbs have played a significant role insystem, superoxide anion derived from dissolved
maintaining human health and improving th@xygen by PMS/NADH coupling reaction
quality of life for thousands of years. Manyreduces NBT. The decrease of absorbance at 560
active phytochemicals, including flavonoidspym with antioxidants thus indicates the
terpenoids, lignans, sulfides, polyphenolicsszonsumption of superoxide anion in the reaction
carotenoids, coumarins, saponins, plant sterolgixture. The inhibitory effects of ARE extract on
curcumins, and phthalides, have been identifiesliperoxide radicals was superior than ARA
(28, 45). Numerous in vitro studies have showaxtract, however, standard antioxidant-
that some of the phytochemicals are potefgcopherol was found to be highest superoxide
antioxidants, metal chelators, or free radic%ca\/enger. The marked Superoxide Scavenging
scavengers, which may account for their healtictivity of AR root extracts may be related to its
promoting properties (20,41,44,45). This is th@olyphenol and flavonoid compounds, which

1.4
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Table 2. Effect of ARA, ARE anda-tocopherol on the kinetics study of copper-inducedDL oxidation

Groups

Control

ARA 25
ARA 50
ARA 100
ARA 250
ARA 500
ARA 1000
ARE 25
ARE 50
ARE 100
ARE 250
ARE 500
ARE 1000
a-TOC 25
a-TOC 50
a-TOC 100
a-TOC 250
a-TOC 500
a-TOC 1000

Lag Time
(min.)

12.43+2.68

12.33+2.5%
17.17+£2.7%
39.67+4.04
48.33+3.5%
72.93+5.00
88.07+4.10
18.83+3.75
33.67+4.04
41.3324.04
48.33+3.5%
79.33+4.04
108.2745.02
37.47£3.70
58.57+3.19
78.40%3.50
102.67+4.04
117.67+3.51

138.63+4.98

Values = mean + SD

Within a column, values with different superscripte significantly different from each oth& € 0.05)

Oxidation Rate
nmol CD/min/

mg LDL protein

3.04+0.2%

3.08+0.27

2.49+0.26

2.24+0.26°
2.54+0.30

1.86+0.18%
1.42+0.2(5"
3.03+0.3%"
2.68+0.33"
2.52+0.20

2.41+0.31

1.84+0.16
1.46+0.2%"
2.61+0.3%
1.93+0.27
1.61+0.26"
1.62+0.18"
1.17+0.18"

1.15+0.23

CD max.
nmol/mg LDL
protein

484.17+15.75
480.33+18.01
392.67+12.59
322.33+12.59
325.10+10.15
220.33+11.58
155.23+8.01

450.33+20.50
374.00+18.3%
360.07+16.99
325.33+14.59
203.00+10.09
128.10+7.85

359.30+13.2%
237.00+£12.53
169.83+9.78

155.00+10.00
100.67+9.50

77.37+7.48

1091

LDL-LHP

nmol/mg protein

829.30+31.1%

828.70+29.27
817.00+28.0%
748.60+20.15
673.50+21.29
546.80+20.24
301.23+13.89
812.67+23.5¥
790.50+19.25
722.07+21.97
602.00+15.16
426.27+15.1%
149.33+11.02
680.80+18.81
578.73+17.9%
381.77+16.35
199.80+13.30
131.23+10.21

89.97+8.05

LDL —-MDA
nmol/mg LDL
protein

80.17+7.7%
82.47+7.31
75.30+6.56"
72.33+£7.08°
62.13+6.02
49.97+4.98
23.40+£3.4%
76.33+6.53"
70.10+7.39"
59.77+6.35
42.83+4.25
18.73+3.94
14.83+2.84™
64.70+5.56°
52.27+4.6Y
29.93+4.10
10.77+2.9%
8.70+3.01"

8.70+3.01
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Table-3. Effect of ARA, ARE anda-tocopherol on the copper-induced serum oxidation

Groups

Control

ARA 25
ARA 50
ARA 100
ARA 250
ARA 500
ARA 1000
ARE 25
ARE 50
ARE 100
ARE 250
ARE 500
ARE 1000
a-TOC 25
a-TOC 50
a-TOC 100
a-TOC 250

a-TOC 500

Serum-CD max.
nmol/ml

320.33+15.58

327.50+19.37
302.10+14.98
284.50+13.0%
259.90+12.75
210.93+10.63
110.07+7.90
305.17+15.2%
292.90+12.15
269.37+11.06
230.10+12.05
150.43+10.38
49.87+7.5%
291.83+13.25
268.80+11.8%
162.40+13.18
83.63x7.27

51.73+8.40

0-TOC 1000 30.4745.32

Serum-LHP
nmol/ml

35.43+2.38

36.00+3.00
32.67+2.5%
30.73£2.4%
26.37+2.47
19.17+1.76
7.27+1.62

33.00+3.06f
30.07+2.96
26.33+2.3%°
18.10+2.85
6.17+1.76

5.27+1.62

30.33+3.5¥
25.43+2.38
20.33+2.52
9.67+2.52

8.17+1.76

5.37+1.58

Values = mean + SD
Within a column, values with different superscriate significantly different from each oth& € 0.05)
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Serum—MDA
nmol/ml

22.73+2.4%

23.30+2.14
20.67+3.08"
17.77+2.5%"
15.03+2.06
10.97+2.08
8.23+1.66'
21.33+2.59"
19.37+2.4%
15.90+2.26°
12.10+2.18
7.53+1.48)
5.47+1.14
18.07+2.16"
15.07+2.26f
11.95+1.9%
4.53+1.0%
2.53+0.5%

1.94+0.39
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have been considered as potent superoxideduction of F& (ferric iron) to Fé& (ferrous
scavenger (44). In the deoxyribose degradatiaron) in the presence of antioxidants (20). Thus,
assay, we found that the both extracts wefeRAP assay expressed as the combined
capable of scavenging OEInd binding free iron. concentrations of all electron-donating reductants
The OH is highly reactive oxygen centeredor antioxidants present in the AR extracts. Result
radical, which attacks proteins, DNA and capabldemonstrated that ARE extract has more
of abstracting hydrogen atoms from membranelectron-donating reductants than the standard
lipids and bring about peroxidic reactions ofocopherol and ARA extract. This result also
lipids (10,29). When this assay is performed isupported by potassium ferricyanide reduction
the presence of EDTA, Feions are complexed method, where reducing power of the AR
with EDTA and the OH can attack the extracts were evaluated. The reducing power of a
deoxyribose. Nevertheless, if an Qidavenger is compound is related to its electron donating
added to the reaction, it competes witlability and may, therefore, serve as an indicator
deoxyribose for the availability of hydroxyl of its potential antioxidant activity (35).
radicals, thus reducing the amount of MDAMoreover, extracts with phenolic substance-
formation. On the contrary, when the assay imediated antioxidant activity were shown to be
carried out without EDTA, Fé added as Fe¢l concomitant with the development of reducing
can bind to the deoxyribose molecule to produgewer (33). Thus as compared deocopherol,
hydroxyl radicals via a site-specific mechanismboth ARA and ARE root extracts contain higher
In such conditions, the generation of MDA carmmounts of reducing compounds which serve as
be inhibited due to the competition between thelectron donors and reacts with free radicals and
tested compound and deoxyribose for capturingpnvert them to more stable products and
Fe* ions (17). Both AR root extracts exhibitedterminate radical chain reaction.
an inhibitory effect on hydroxyl radical-induced Second set of study was to evaluate
deoxyribose degradation in both the presence aadtioxidant activity of AR root extracts on
absence of EDTA. Thus our results suggest thhiological model systems. According to the
AR root extracts are not only effectiveresults obtained, both AR root extracts
scavengers of OHn this system but also iron significantly inhibited the Fé/ascorbate induced
chelators. lipid peroxidation in the mitochondrial fraction
ABTS" radical cation model was also usednay be due to their free radical-scavenging
to evaluate the free radical scavenging effect aictivities. Kamaet al. (27) demonstrated that the
AR root extracts, where ARE showed a highgoossible antioxidant effects of crude extract and a
ABTS" radical scavenging effect than ARA. Thepurified aqueous fraction consisting of
ABTS assay is closely correlated with DPPHbolysaccharides of A. racemosus against
because both are responsible for the sam@tochondrial membrane damage inducedyby
chemical property of hydrogen or electromradiation and effectively reduced formation of
donation (41). Further, the antioxidant respons@BARS and lipid hydroperoxides. Presently, we
of both extracts were compared with thdave used mitochondrial fractions as a source of
antioxidant action exerted by Trolox, as a TEAQRROS generation, because as a by-product of
value. The TEAC value of each test compounelectron flow through the mitochondrial electron
was calculated by dividing the slope of itdransport chain, 1-2% of the molecular oxygen
concentration—response curve and expressed camsumed may be converted to’, O this
ug of Trolox having the antioxidant capacitypossibility has been represented as a major
equivalent to a 1 mg of the test sample. Resultstracellular source of ROS (42). Iron catalyses
indicated that the root extract of ARE showed the generation of ©, which initiates lipid
more correlated score with that of standargeroxidation because superoxide anion acts as a
Trolox, while ARA extract required more precursor of singlet oxygen and OHHydroxyl
concentration to achieve Trolox equivalentadicals eliminate hydrogen atoms from the
activity (Table-1). The FRAP assay wasnembrane lipid, which results in lipid
evaluated to determine the presence of totperoxidation (10). In this experiment, AR root
antioxidant or reductant (2). The TEAC assay iextracts could inhibit lipid peroxidation by
based on the antioxidant’s ability to react with oscavenging the OHradical or the superoxide
neutralize free radicals generated in the asseadicals or by chelating the iron itself. The
system, whereas the FRAP assay measures thedative modification of LDL is apparently a
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contributing factor to the pathogenesis ofccumulate in the plasma lipoproteins and
atherosclerosis as it is internalizedia a thereby, inhibit the free radicals and may sequest
scavenging receptor on macrophage, leading meetal ions, such as iron and copper (6,11).
lipid accumulation and foam cell formation (22) Hydrophilic antioxidants, which cannot enter the
Therefore, increasing the resistance of LDL tbpid moiety of LDL, would thus be less efficient
oxidation should mitigate or even prevenas they are principially unable to encounter most
atherosclerosis. In present study, dose-dependentthese lipophilic radicals. Such compounds,
administrations of AR root extracts have abilitthowever, may act in a synergistic manner with
to protect againstin vitro copper-mediated the lipophilic antioxidants by regenerating them.
human LDL and serum oxidation modificationsFor a-tocopheroxyl radical it has been reported
As demonstrated by significant prolongation ofhat, for example, ascorbate and also hydrophilic
lag time along with decline in oxidation ratephenolic substances are able to reduce it-to
during kinetic study of LDL oxidation and,tocopherol, thus increasing the oxidation
maximal yield of CD production, MDA and LHP resistance of LDL considerably (24, 34).
concentrations of LDL and serum oxidation. In conclusion, present study demonstrated
Further, ARE exhibited much higher potency tpotent antioxidant activity of ethanolic root
reduce susceptibility to undergo oxidativeextract than aqueous root extract and this is
modification as compared to ARA. Copperimediated though various mechanisms, such as
mediated LDL oxidation begins first with a lagprevention of chain initiation, binding of
phase during which protective endogenous antiransition metal ion catalysts, decomposition of
oxidants are consumed by initiating free radicgleroxides, prevention of continued hydrogen
species. After the consumption of all endogenowbstraction, reductive  capacity, radical
anti-oxidants, a lipid radical-propagatedscavenging and chemical nature, which are at
peroxidation chain reaction begins in which théeast partly due to the phenolic containt in AR
polyunsaturated fatty acids contained in the LDkoot.

are rapidly oxidized to lipid hydroperoxides (15).
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